Objectives In the present study, we examine whether the relationships between country of origin or reason for migration and mortality differ between men and women. Methods We apply hazard regression models on high-quality Swedish register data with nationwide coverage. Results Relative to their Swedish counterparts, migrants from Nordic and East European (EU) countries and former Yugoslavia have higher mortality. This excess mortality among migrants relative to Swedes is more pronounced in men than in women. Migrants from Western and Southern European countries; Iran, Iraq, and Turkey; Central and South America; and Asia, have lower mortality than Swedes, and the size of the mortality reduction is similar in both sexes. The predictive effects of the reason for migration for mortality are also similar in migrant men and women. Conclusions This study provides little support for the hypothesis of a double survival advantage among immigrant women in Sweden. However, it does show that the excess mortality in migrants from Nordic and EU countries and former Yugoslavia relative to the Swedish-born population is more pronounced in men than in women.
Introduction
Migrant health continues to attract substantial research interest, as understanding who decides to migrate and how these individuals integrate into the countries of destination is important. This research is needed in the European context, in particular, given the recent influx of migrants to Europe.
A substantial body of research has indicated that migrants enjoy better health and lower mortality than people born in the destination countries; this is called the healthy migrant effect (Fox and Collier 1976; Riosmena et al. 2013; Wallace and Kulu 2014) . The most commonly cited explanation for the migrant mortality advantage is that healthy people are more likely than unhealthy people to migrate (Razum 2006) and that migrants tend to have healthier lifestyles than non-migrants, including lower levels of smoking (Lariscy et al. 2015) and alcohol use (Jayaweera and Quigley 2010) and healthier diets (Dixon et al. 2000) . Inaccuracies in the registration of out-migration may also lead to an underestimation of mortality among immigrants, especially at older ages (Weitoft et al. 1999) .
However, the evidence of a mortality advantage among immigrants to European countries has been inconclusive, and there are indications that the size of the advantage varies by cause of death, sex, and migratory characteristics (Wild et al. 2007; Arnold et al. 2010; Holmes et al. 2015) . Albin et al. (2005) found that foreign-born individuals in Electronic supplementary material The online version of this article (https://doi.org/10.1007/s00038-019-01208-1) contains supplementary material, which is available to authorized users.
Sweden had higher mortality risks than their Swedish-born counterparts in 1970 Swedish-born counterparts in -1999 . In contrast, Weitoft et al. (1999) showed that over roughly the same period, all migrants except those from Nordic and Eastern European (EU) countries had lower mortality than native-born individuals. Some of these differences were substantially attenuated, especially among women, after introducing income criteria as an indicator of residence in the country. It has also been found that immigrants to Norway had a survival advantage for all-cause mortality, but that this advantage diminished with increasing length of stay in the country (Syse et al. 2016 ). Thus, research based on highquality population data has shown that the survival advantage of migrants to Europe relative to the native-born population is equivocal. These differences can be explained in part by the lower socioeconomic outcomes of migrants relative to those of natives (Bevelander 2009) , and by the tendency of immigrants to adopt the lifestyle characteristics of the native-born population in a process often referred to as acculturation (Singh and Miller 2004) . The suboptimal use of preventive healthcare services may also contribute to the delayed treatment of conditions (Norredam et al. 2010; Straiton et al. 2016) for which timely treatment can be crucial for survival.
Following the introduction of less restrictive and more progressive immigration policies, Sweden went from being a rather homogenous country where the foreign-born made up 4% of the population in 1960, to being a multi-ethnic country where the foreign-born made up 17.9% of the population in 2016 (see Appendix 1 for details on migration patterns in Sweden) (Statistics Sweden 2017). The sex distribution of migrants in Sweden has remained stable: Men made up 51% of the population in 1970 and 50% of the population in 2016, with some variation by home country. However, even though the number of female migrants is very close to the number of male migrants, pull-and-push factors prior to migration and the challenges migrants face in the host country may be gender-specific and, thus, these migratory characteristics may have differential effect on health and mortality of female and male migrants (Llácer et al. 2007) . Women who migrate to follow family members may encounter problems in the host country that differ from those faced by people who migrate for work or study, e.g., precarious employment and a lack of financial independence, social pressure to maintain the traditions of the home country, limited opportunities to learn the language of the host country, and limited social networks. Such experiences can lead female migrants to experience social disadvantages and social isolation, which may in turn result in a health disadvantage. However, women immigrate not just for family reasons or as refugees, but to pursue employment or educational opportunities that are likely to improve their social position (Kanaiaupuni 2000) .
Despite these potential differences in the migratory characteristics of men and women, the role of gender in shaping the relationship between these characteristics and the mortality of migrants has been overlooked in studies assessing migrant health (Dion and Dion 2001; Llácer et al. 2007) . It is possible that biological and behavioral differences help women better manage stressful situations, adapt to new life circumstances and cultures, and derive benefits from their new life circumstances. In a study of seven highmortality populations, Zarulli et al. (2018) found that compared to males, females had higher survival rates during famines and epidemics at all ages, including newborn, when the influence of social and behavioral differences between the two genders is small. These findings suggest that biology plays a fundamental role in explaining the female survival advantage. It has also been shown that at ages 50 and older men have substantial excess mortality and health disadvantages relative to women after major life events, such as hospitalization or spousal loss (Moon et al. 2014; Höhn et al. 2018) . Some scholars have suggested that the factors underlying the adverse effects of widowhood on health and mortality include changes in lifestyle and health behaviors, such as intensified smoking and having fewer interactions with healthcare services, and physiological changes, such as the suppression of the immune system function (Eng et al. 2005; Oksuzyan et al. 2011; Richardson et al. 2015) .
In the present study, we draw on nationwide register data in Sweden to examine whether the relationship between migratory characteristics-namely country of origin and reason for migration-and mortality differ between men and women. Given the survival advantages observed among women and migrants, being a migrant and a woman may constitute a double advantage in survival. Thus, we expect to find that the healthy migrant effect is more pronounced among female than male migrants within the same country of origin or the same reason for migration. For migrants from countries that are known to have higher mortality rates than Swedish-born population, e.g., from Nordic countries, double survival advantage for women would imply that the excess mortality in these migrant groups when compared to their Swedish-born counterparts of the same sex is substantially greater among male than female migrants. For some other migrant groups, we expect to find that mortality among female migrants is similar to that among native-born women, whereas mortality among male migrants is higher than that among native-born men. Finally, among migrant groups with lower mortality rates than the Swedish-born population, the observation of a double survival advantage for women would imply that the survival advantage in these migrant groups relative to their Swedish-born counterparts of the same sex is substantially greater among female than male migrants.
This advantage can, however, be attenuated by other migration characteristics, such as reasons for migration. Prior research in Canada has shown that relative to the general population, excess cause-specific mortality (e.g., from stroke, diabetes, and cancers of the liver and the nasopharynx) was greater among refugees than among other migrants (DesMeules et al. 2005) . These findings suggest that health selection is likely to be stronger in the groups who migrated for economic reasons than in the groups who migrated for family-related reasons or as refugees. More recent research has found higher mortality from CVD and external causes among male refugees than among non-labor non-refugee men, and no similar patterns were observed in the female sample (Hollander et al. 2012) . These findings suggest that the reason for migration may have differential effects on survival for migrant women and men. Thus, if refugee migrants have excess mortality relative to the Swedish-born population, this excess should be greater for men, whereas if economic migrants or migrants for family reasons have a survival advantage relative to the host population, this survival advantage should be greater for women.
Methods
In this study, we use the collection of registers called STAR (Sweden over Time: Activities and Relations), which contains and links information from a number of different registers, including the total population register, the migration registers, and the cause-of-death registers, as well as other registers with socio-demographic information on Swedish residents. These registers have nationwide coverage and a low risk of inaccurate linkages across registers (Ludvigsson et al. 2009) .
The study population consists of all people aged 16 and older who were living in the country between 1991 and 2012, as 1990 is the earliest year with available annual data on educational attainment and income except for those who died in 1990. Residents of Sweden enter the study in the month they turned 16 during 1991-2012, or through immigration to Sweden after age 16. Since socioeconomic variables are not available after age 75 due to the STAR data construction, all individuals are followed until their 75th birthday, death, censoring due to emigration, or December 31, 2012, whichever comes first. The data are interval-censored, which means that individuals can reenter the study population at re-immigration. Immigration characteristics are obtained at the first observed immigration, independent of age. The variable country of birth is broken down into 10 subgroups based on group size and geographical similarity (Table 1) . The other main variable of interest is the reason for the first resident permit. It is categorized as economic, e.g., entry for work or education, to join family, as a refugee, and others. To avoid collinearity with the country of birth in survival analyses, the category ''no permit needed'' includes Swedes and EU migrants who did not need residency and work permits. However, some Swedish-born residents, such as the children of migrants, might have needed residency permits. Three control variables are treated as annually time-varying: (1) marital status is split into married, never married, separated/divorced, and widowed; (2) education is broken down into seven groups based on the Swedish education nomenclature and a residual category for those with unknown education; and (3) income, measured as disposable individual income, is split into quintiles and a category for those individuals with unknown income. In the year of death, the income quintile of the year preceding death is used.
Initially, we observed 142,971,697 person-years and 605,357 deaths in our study population. Of those, 289,163 person-years (0.202%) and 1296 deaths (0.214%) were excluded due to faulty information on migration movements, e.g., individuals with two subsequent movements in the same direction or those for whom two migration movements were recorded in the same month and the correct order of these movements could not be established. We also excluded 9006 person-years (0.006%) and 12 deaths (0.002%) because of missing information on the country of birth, and 99,083 person-years (0.069%) and 444 deaths (0.073%) because of missing information on both education and income in the same year. After these exclusions, our final dataset included 142,574,445 personyears and 603,605 deaths based on 9,569,031 individuals.
We use hazard regression models to examine the influence of sex, country of birth, and migration characteristics on individual mortality (Gompertz 1977) . The failure event in our analysis is the death of the individual. The baseline hazard of our model is a function of age and is assumed to follow a Gompertz distribution. First, we run sex-specific models for each country of birth and for each reason for migration to examine the magnitude of the excess mortality across these groups. To test whether the effects of country of origin and reason for migration on mortality differ between the two sexes, we included the interactions of sex with country of birth and reason for migration, respectively, using the total study population. A p value of 0.05 indicates statistical significance. Table 1 gives the distribution of the socio-demographic characteristics included in the analysis of migrant groups and the Swedish-born population by sex. The number of deaths and the number of men and women included in the study are provided in Supplementary Tables 1 and 2 , respectively. The characteristics for the time-varying covariates are based on the individuals' last observed episode. Generally, compared to their Swedish counterparts, the migrants were more likely to be separated and less likely to be single, were slightly better educated, and had a lower income. About 13% of the men and about 6% of the women came to Sweden for work or study. More of the women than the men immigrated for family-related reasons (34% vs. 21%, respectively), whereas slightly more of the men than the women migrated as refugees (21% vs. 15%, respectively). First, we examined the hazard ratios for migrant groups relative to those for the Swedish-born in sex-specific populations ( Fig. 1 and Supplementary Table 3 ). Mortality among men from Nordic countries, Eastern EU countries, and former Yugoslavia was, respectively, 26% (HR = 1.26, 95% CI 1.24, 1.28), 15% (HR = 1.15, 95% CI 1.12, 1.18), and 11% (HR = 1.11, 95% CI 1.08, 1.14) higher than among their Swedish-born counterparts (Supplementary Table 3 ). Mortality among women from Nordic and Eastern EU countries was, respectively, 10% (HR = 1.10, 95% CI 1.08, 1.11) and 9% (HR = 1.09, 95% CI 1.06, 1.13) higher than and mortality among women from former Yugoslavia was similar (HR = 1.01, 95% CI 0.97, 1.05) to mortality among native-born women. The examination of 95% CIs of the HRs in the sex-specific samples and the HRs in the total sample for migrants from these countries suggests that the excess mortality among female migrants from Nordic and Eastern EU countries and former Yugoslavia relative to Swedish-born women may be smaller than the excess mortality among male migrants from these countries relative to Swedish-born men.
Female and male migrants from Western and Southern European countries; Iran, Iraq, and Turkey; Central and South American countries; and Asia had lower mortality than their native-born counterparts of the same sex ( Fig. 1 and Supplementary Table 3 ). The overlapping 95% CIs of the HRs in the sex-specific samples and the HR in the total population for these groups suggest that in comparison with their Swedishborn counterparts of the same sex, the mortality reduction is similar in size among migrant women and men. Although the survival advantage of migrants from Africa and Middle East relative to their Swedish-born counterparts within each sex was statistically significant (HR = 0.95, 95% CI 0.91, 0.99 among men, and HR = 0.92, 95% CI 0.86, 0.99 among women), its size was very small.
The analysis of the total Swedish population shows that mortality among migrants from Nordic countries (HR = 1.19, 95% CI 1.18, 1.20), Eastern Europe (HR = 1.13, 95% CI 1.10, 1.15), and former Yugoslavia (HR = 1.08, 95% CI 1.06, 1.11) was higher than mortality among Swedes (Table 2 The size of the survival advantage differed across migrant groups who came to Sweden for different reasons. Relative to Swedish-born and EU migrants, the survival advantage was greatest for economic migrants, at 65% (HR = 0.35, 95% CI 0.32, 0.38); it was smaller for migrants who came to Sweden for family reunion (HR = Education (based on the Swedish education nomenclature): 1-primary and lower secondary education less than 9 years, 2-primary and lower secondary education 9 years, 3-upper secondary education, less than 3 years, 4-upper secondary education, 3 years, 5-post-secondary education, less than 3 years, 6-post-secondary education, 3 years or longer, 7-postgraduate education, Unknown-information is missing
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To elucidate whether the migrant survival advantage or disadvantage relative to the Swedes differed statistically between the two sexes, we included the interaction between sex and country of birth in the model. Model 2 in Table 2 shows that the interaction term is positive and significant for Nordic countries (HR = 1.15, 95% CI 1.13, 1.18), Eastern EU countries (HR = 1.09, 95% CI 1.05, 1.14), and former Yugoslavia (HR = 1.09, 95% CI 1.04, 1.14). These results suggest that the excess mortality among migrants from those countries was particularly pronounced in men and was less pronounced in women compared with their Swedish counterparts of the same sex. Adding the interaction between sex and country of birth completely attenuated the survival advantage of migrants from Africa and Middle East. The model also reveals that the interaction between sex and country of birth was not significant for any migrant group that had a survival advantage relative to the Swedish-born population.
To test whether the predictive effects of the reason for migration differed between men and women, we included the interaction between sex and the reason for migration. Model 3 in Table 2 shows that the predictive effects of the reason for migration were largely similar in the two sexes. The interaction was only marginally significant for men who migrated to Sweden for all other reasons (HR = 1.17, 95% CI 1.00, 1.36, p value = 0.047). Our additional analysis within each category of the reason for migration showed that the level of excess mortality among male migrants relative to their female counterparts was similar across economic migrants, migrants for family reasons, and refugees (available on request).
Discussion
In the present study, we examined whether sex is an important factor in the relationship between migration and mortality. Our findings indicate that compared to the Swedish-born population, migrants from Nordic and Eastern EU countries and former Yugoslavia had higher mortality; and that the level of excess mortality among Nordic, Eastern EU, and former Yugoslavian migrants was lower for female than for male migrants. In contrast, we found that migrants from Western and Southern Europe; Central and South America; Iran, Iraq, and Turkey; and Asia had lower mortality and that this survival advantage was similar in migrant women and men. All other migrants, including those from other Western countries, Africa, and the Middle East, had mortality levels similar to those of the host population. The predictive effects of the reason for migration on mortality were found to be similar in female and male migrants. Thus, we find little support for our initial hypothesis of a double advantage in survival for migrant women.
It is possible that the sex-specific patterns in mortality we observed among migrants from Nordic and Eastern EU countries and from former Yugoslavia reflect gender differences in lifestyle behaviors in the countries of origin. According to the European Health for All Database, the age-standardized prevalence of tobacco smoking in 2013 among people aged 15? was very similar among Swedish men and women (21.7% and 22.1%, respectively), but was substantially higher among men than among women in Eastern EU countries, e.g., 34% among men versus 25% among women in Poland (WHO 2017). In 2003, across a sample that included most of the high-income countries, Sweden was found to have the lowest smoking-attributable fraction among deaths at ages 50? among men, and a very small sex difference in the smoking-attributable fraction among deaths at ages 50? (men vs. women, respectively, 0.09 vs. 0.06 in Sweden, and 0.30 vs. 0.13 in Hungary) (Preston et al. 2010; Drefahl et al. 2014) .
Research on lifestyle behaviors in migrants in Sweden suggests that compared to the native population, migrants are more likely to be physically inactive (Gadd et al. 2005) and less likely to drink alcohol; and non-EU migrants are less likely to smoke (Wändell et al. 2007 (Dixon et al. 2000; Méjean et al. 2007 ). Healthier lifestyle behaviors may also contribute to the survival advantage relative to Swedes observed among migrants from Southern and Western Europe; Central and South America; and Turkey, Iran, and Iraq. Since we were unable to take lifestyle factors into account in our analysis due to the lack of these variables in the register data, this explanation remains speculative.
The major strengths of this study are that it utilizes register data covering the total Swedish population; and that it takes into account the reason for migration. However, as some groupings of the countries of birth were predefined by Statistics Sweden, a detailed analysis by country of birth was not possible. Another data-driven limitation is that we have no information on socio-demographic characteristics after age 75. The under-registration of out-migration and of the foreign population living in the country could not be ruled out and may have affected the accuracy of the estimates for our outcome measure. However, prior work done in Norway (Syse et al. 2016) , England and Wales (Wallace and Kulu 2014) , and the US (Turra and Elo 2008) showed that while correcting data artifacts diminishes the survival advantage of migrants, the magnitude is generally too small to fully explain the lower mortality among migrants relative to the host population. As no reliable correction methods have been agreed upon, Syse et al. (2016) used right-censoring at age 79 or emigration to account for unregistered out-migration, and found little evidence of systematic differences in the registration of migrants and the Norwegian-born population. Although the quality of the Swedish register data on migration characteristics has not been assessed, and inaccuracies in the registration of migration characteristics are possible, censoring at age 75 or emigration, and examining sex differences in the association between these migratory characteristics and mortality, should be less sensitive to these inaccuracies.
Importantly, since no information on health of migrants prior to and at the time of entry into the country is available, we cannot exclude the possibility that the selection with regard to health differs between migrant men and women. However, our additional analysis of sex differences in mortality across groups who migrated for economic reasons, to reunite with family, or to claim refugee status showed that the level of excess male mortality was similar across these groups. We encourage further research to investigate whether the sex-specific health selection varies across migrant spousal dyads in which the spouses have similar or different reasons for migration. We have not considered gender differences in other migratory characteristics, such as the order of migration, even though these factors could have implications for migrants' cultural and economic integration and adaptation in the host country (Ishizawa and Stevens 2011) . To investigate the extent to which the order of migration influences sex differences in the survival of migrants, additional information on the reasons for entering the country at different times would be needed. Examining sex differences in causespecific mortality could add to our understanding of the mechanisms underlying sex-specific patterns in mortality among migrants and may suggest potential directions for future research.
In conclusion, our study demonstrates that the excess mortality among migrants from Nordic and Eastern EU countries and former Yugoslavia relative to the Swedishborn population is more pronounced among men than women. However, among the migrant groups with a survival advantage, the size of the advantage is similar for women and men.
